Mr M Jacobsen said that high variation in closing volumes could be a useful phenomenon, provided that such variation could be related to independently determined attributes of patients or their environments. At present, the FEV remained the only test of lung function which had been correlated convincingly with measured dust exposures.
Professor J Milic-Emili stated that in the case of the closing volume the variability was partly due to technical factors, which would be controlled, but it also reflected real variation, possibly caused by changes in bronchomotor tone, &c. He also pointed out that the measurement of the 'opened volume' (VC-CV), expressed as a fraction of the vital capacity, exhibited much less variability than the measurement of closing volume, expressed as a fraction of VC, simply because VC-CV was commonly a much greater fraction of the vital capacity than CV. This however did not mean that (VC-CV)/VC was a more meaningful measurement than CV/VC. In fact, in smokers, the number of abnormal values detected with the two indices was similar. In his view the reproducibility of a test was very much secondary to its validity. Dr C A Mitchell had evidence that like the closing volume, the maximal flow rate at 50 % or 25 % of vital capacity sometimes also showed changes which were not reflected in the FEV1.0 but the FEV,.,, often showed the effect just as well. Thus The physiological and clinical features of emphysema are easily recognized in the advanced stages of the disease. In the early stages the abnormalities which have been described during life are less specific and may often have been due to other causes. The likelihood of their being due to emphysema is increased if the subjects for study are at risk on account of their genetic constitution or exposure to certain environmental agents.
These circumstances provide several biological models for the study of emphysema in man. Of the environmental agents cigarette smoke, coal dust and proteolytic enzymes are likely to yield more relevant information than oxides ofnitrogen, ozone or cadmium. Some evidence is reviewed elsewhere (Cotes 1976) . REFERENCE Cotes J E (1976) Progress in Respiration Research 10 (in press) DISCUSSION Dr C A Mitcheil said that the exposure to enzyme detergents of the workers studied by himself and Dr B Gandevia was about ten thousand times the present threshold limit value (TLV). Thus that they had evidence of loss of elastic recoil was hardly surprising. There was reassurance in the results for the moderately exposed group whose exposure was two orders of magnitude above the present TLV; in these subjects there was no evidence for loss ofelastic recoil.
Dr G Kazantzis stated that there was clinical, radiological and physiological evidence for the presence of emphysema in cadmium workers but there were few anatomical studies of the lung. He agreed that a strict prevalence study of emphysema amongst workers exposed to cadmium had not been performed.
Cigarettes contain 1-2 lg and increased cadmium levels in liver and lung had been found in smokers with emphysema, but whether this had any etiological significance was unknown. Animal studies on the production of emphysema by cadmium had on the whole been inconclusive. Dr M C S Kennedy said that emphysema from chronic cadmium poisoning was listed as a prescribed disease (PD No. 40) . He thought that there was good toxicological evidence for nitrous fumes also causing emphysema in animals and in miners exposed to fumes from shot firing (Kennedy M C S, 1972, Annals of Occupational Hygiene 15, 185-300). He recalled that nearly twenty-five years ago he first described the measurement of the indirect MBC from a fast spirogram and he was gratified that the FEV test had stood the test of time. 
Community Surveys
From an epidemiological viewpoint three aspects of the study of emphysema are essential:
(1) It is vital to describe fully the community or population in which any measurement of the condition takes place. Only if this is done can one attempt with any safety to generalize from findings in one group of individuals to another.
(2) The methods of selecting the study population must be assessed and clearly stated. Studies of occupational groups, for example, imply selection since those who are at work are likely to be fitter than the population as a whole. Similarly, selection might occur in the investigation of a disabling occupational hazard since those who developed the condition would no longer be able to work.
(3) In any population study one must be interested in the response rate. This should be kept as high as possible to be reasonably sure that all individuals with the condition in question have been included.
In addition to these basic principles, the epidemiologist is concerned with the tests used in population studies. The type of test used depends on the objectives of the particular study but there are eight essential elements: simplicity, acceptability, cost, precision, accuracy, sensitivity, specificity and predictive value.
No adequate studies on the prevalence of emphysema have yet been undertaken. Studies based on autopsy and post-mortem investigation, using standardized techniques of measurement and preparation, associated with valid and reproducible histories of symptoms and signs such as smoking and area of residence, could contribute greatly to our knowledge of this field.
Professor Charles M Fletcher (Royal Postgraduate Medical School, London W12)

Summing Up
It has been asked whether we can measure the prevalence of a continuous variable such as emphysema. In this respect emphysema is no different from most other diseases, all of which exist in a continuum of severity, although clinicians are liable to forget this and look on people as having or not having the disease. All we have to do is to determine a lower limit of abnormality and estimate the prevalence of people who have more than this amount of disease.
I have been convinced that pathologists can measure severity of emphysema so long as careful checks to control observer error are made. The pathologist's main problem is the selection of his sample by death and permission for autopsy. This must always be considered carefully in any comparative studies. It does not invalidate the clear demonstration of the higher prevalence in smokers than in nonsmokers, in men than in women or in developed compared with underdeveloped countries. But associations with other conditions must always be viewed with suspicion in hospital populations because of the 'Berkson' fallacy (Maitland 1956) . This is especially important in industrial diseases which may increase the chances of autopsy being carried out in more disabled subjects. I was most interested by Dr Bignon's elegant demonstration of the pathological basis of what we call obstructive bronchitis; but before we can be sure of the prevalence of this condition and its association with emphysema we shall need fuller observer error studies than appear to have been carried out hitherto.
The final check on the validity of pathological studies of prevalence should be that they must be confirmed by epidemiological studies of living subjects in the population from whom the sample for autopsy has been derived.
But can we measure emphysema in life? At present in epidemiological studies we can only confidently measure the prevalence of slowing of expiratory airflow by simple tests such as the FEV. These have taught us a lot but they are insensitive and nondiscriminatory tests. Before we can judge the validity of the various 'sensitive' tests of small-airways disease and emphysema, we need correlations with autopsy data, and, as Professor Milic-Emili emphasized, follow-up studies to see what these tests predict in terms of subsequent changes of pulmonary function. No one should do tests on large series of subjects without attempting to keep in touch with them for subsequent measurements and for immediate information about any deaths which may occur, so that arrangements may be made for autopsy.
I was most interested in Dr Green's suggestion that variation in the range of tests such as closing volume may be of pathological importance, but since he showed this variation in nonsmokers, it cannot be relevant to emphysema, for nonsmokers almost never suffer from this disease as far as we know. It is this sort of cross-checking between findings in the dead and in the living which is perhaps the greatest need we have for the advancement of our understanding of"the prevalence of emphysema. 
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